Introduction cauterization can delay wound healing. Another commonly used method to reduce intraoperative bleeding is to induce a vasoconstriction effect around the surgical site. By mixing a vasoconstrictive drug with local anesthetic for infiltration anesthesia, vasoconstriction can be effectuated to reduce perioperative bleeding and secure the surgical field. The vasoconstrictor most often used with local anesthetics is epinephrine (or adrenaline) because norepinephrine, besides having cardiotoxic effects, raises systemic blood pressure [3, 4] . Adrenaline injected with a local anesthetic solution is slowly absorbed by tissue, with its vasoconstrictive action continuing for 4-10 hours [5] .
Negative-pressure wound therapy (NPWT) is widely used for the management of stage III and IV pressure ulcers after adequate wound debridement [6] . One potential complication of NPWT is bleeding, the risk of which is increased by failure to achieve satisfactory hemostasis in the wound [7, 8] . Although the use of epinephrine for infiltration anesthesia is known to reduce intraoperative bleeding, its effects on postoperative bleeding complications are contentious [9, 10] . Surgical debridement of pressure ulcers usually takes less time than is needed for the vasoconstrictive effects of epinephrine to wean off. We hypothesized that the risk of post-debridement bleeding would be greater if NPWT were applied to freshly debrided pressure ulcers while potential bleeding conditions were masked by the vasoconstrictive effect of epinephrine, and retrospectively reviewed the medical records of patients who received post-debridement NPWT for pressure ulcers to compare bleeding complications.
Methods
The study was performed in accordance with the principles of the Declaration of Helsinki. As a retrospective review of medical records, the study did not require informed consent. The authors went over the medical records of patients whom, between March 2013 and February 2016, had received surgical debridement immediately followed by NPWT for management of stage III or higher pressure ulcers at the plastic and reconstructive surgery department of the authors' own institute. Patients with known congenital coagulopathies or abnormal coagulation profiles were excluded, as were those who had not, after considering the risk of thrombosis versus the risk of bleeding according to the American Society of Anesthesiologists' practice guidelines for perioperative blood management, discontinued anticoagulants and antiplatelet agents preopera-tively for a duration sufficient to alter their anticoagulation status [11] . Patients who had received perioperative antifibrinolytic or hemostatic drugs such as tranexamic acid or vitamin K were also excluded.
The final study group consisted of 38 patients, each of whom had undergone varying numbers of serial debridement procedures (ranging from 1 to 22) for a total of 204 operations, all of which were finished by applying NPWT. The medical records of these patients were retrospectively reviewed; the patients' age, sex, wound location, local anesthetic injected (if any), and postoperative bleeding complications were evaluated. The demographics of the patients are displayed in Table 1 .
Preoperatively, anesthesia methods were determined according to pressure ulcer size, depth, location, and patient status (including cooperative status, sensation of the afflicted region and general medical condition); some cooperative patients with no sensation in the wound area required no anesthesia at all. After sharp surgical debridement of all visible necrotic tissues, any active bleeding was controlled with manual pressure applied with gauze or QuikClot (Z-Medica LLC, Wallingford, CT, USA) hemostatic dressings, suture ligation, or electrocautery. NPWT was then administered using reticulated open-cell foam (NPWT/ROCF; V.A.C. Therapy, KCI USA Inc., San Antonio, TX, USA) with a continuous or intermittent pressure of 100-125 mmHg. Postoperative blockage of the NPWT drainage tube or ROCF with blood clots and hematoma, rupture or leakage of the NPWT film dressing sealing due to hematoma or bleeding, and excessive bloody drainage (>200 mL/12 hr) into the NPWT system canister were defined as postoperative bleeding complications. Such incidents were managed by removing the NPWT dressing and applying compressive dressings, or, if needed, electrocautery or hemostatic agents such as fibrin glue. NPWT was not resumed until the next surgical debridement session; thus each debridement procedure could be followed by, at most, only one bleeding complication incident. The 204 debridement and NPWT procedures were classified into three groups according to the type of injection: non-injection group (group 1, n=99), 2% lidocaine-only injection group (group 2, n=58) and 2% lidocaine with 1:100,000 epinephrine injection group (group 3, n=47). The frequencies of postoperative bleeding complications across the groups were compared in the following four combinations: (1) a comparison across the three groups by injection type; (2) a comparison between injected group and non-injected group; (3) a comparison between lidocaine-only injected group and lidocaine with epinephrine injection group; and (4) a comparison between lidocaine with epinephrine injection group and others. R language version 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria) and T&F program version 2.9 (YooJin BioSoft, Goyang, Korea) were used for all statistical analyses. Data were expressed as mean±standard deviation for continuous variables. For categorical variables, data was expressed as sample number and percentage. The association analysis between injection and bleeding was performed using chi-square test, and the two-sample proportion test was used to assess the proportions of each injection type group among the total number of procedures that either had or did not have bleeding complications.
Results

Patients
Of the 204 debridement and NPWT procedures, 18 were followed by postoperative bleeding complications, all of which occurred within 12 hours of debridement. Eight occurred in group 1 procedures while five were observed in each of the groups 2 and 3. Four patients had multiple episodes of bleeding complications. A 61-year old female with a sacral sore had her NPWT drainage tube blocked by hematoma after her fifth and sixth serial debridement procedures, both of which were done without any form of local injection. A 52-year old male with a sacral sore had postoperative leakage of the NPWT film sealing due to excessive bleeding after his third and ninth debridement procedures, the former of which was done without injection and the latter with only lidocaine infiltration. A 73year old female patient had bleeding complications after her second (done with lidocaine-only infiltration), seventh and eighth (both with lidocaine and epinephrine infiltration) procedures. A 30-year old male patient had postoperative bleeding incidents after his second (with lidocaine and epinephrine) and fifth (with no injection) debridement procedures.
Comparison between all injection types
There was no significant relationship between injection type and bleeding incidence (P=0.902). Compared to group 1, the likelihood of bleeding in group 2 was 7.3% higher (odds ratio [OR], 1.073). Compared to group 1, the likelihood of bleeding in group 3 was increased by 35.4% (OR, 1.354). Neither attained statistical significance.
Group 1 constituted 48.9% of the procedures without bleeding complications and 44.4% of those with bleeding complications. No significant difference was found between these proportions. Group 2 accounted for 28.5% of non-bleeding procedures and 27.8% of bleeding procedures, also with no significant difference between these proportions. Group 3 also displayed no significant difference between proportions among nonbleeding (22.6%) and bleeding (27.8%) procedures ( Table 2) .
Comparison between injected and non-injected groups
Compared to group 1, the likelihood of a post-debridement bleeding complication was increased by 19.7% (OR, 1.197) in the procedures that included local injection (groups 2 and 3) but with no statistical significance. The injected groups constituted 51.1% of the non-bleeding procedures and 55.6% of the bleeding procedures, also with no significant difference between these proportions (Table 3) .
Comparison between lidocaine-only injected group and lidocaine+epinephrine injection group
Group 3 had a 26.2% higher rate of bleeding complications (OR, 1.262) compared to group 2 but again with no statistical significance. Among the 105 total procedures with some kind of local injection involved, group 2 constituted 55.8% of the procedures without bleeding complications and 50% of the bleeding procedures, with no significant difference between these proportions. Group 3 constituted 44.2% of non-bleeding procedures and 50% of bleeding procedures, also without significant difference between proportions (Table 4 ).
Comparison between epinephrine injected and nonepinephrine injected groups
Compared to procedures without epinephrine infiltration (groups 1 and 2), group 3 had a 31.9% higher rate of bleeding complications (OR, 1.319), but the difference was not statisti-cally significant. The non-epinephrine injected groups accounted for 77.4% of procedures without bleeding complications and 72.2% of those with bleeding complications. Again, the difference between these proportions did not have significance (Table 5 ).
Discussion
In NPWT, a porous dressing material (usually gauze or foam) is placed over the wound, and then a device that exerts finely modulated suction is attached. This negative pressure removes fluid from the wound and also causes mechanical strain effects (macro-and micro-deformation), which helps induce wound contraction and cellular proliferation [8, 12] . However, this negative pressure may also act as a trigger for bleeding, one of NPWT's most serious complications, which if not controlled, can be life-threatening [7, 8] .
For the reasons stated above it is necessary to carefully control bleeding before initiating NPWT. However, as excessive electrocautery can cause iatrogenic tissue injury and impair wound healing, epinephrine mixed with lidocaine is commonly injected in and around the operative field to induce vasoconstriction as a means of suppressing intraoperative hemorrhage. Epinephrine functions as an agonist of both alpha and beta-adrenergic receptors, leading to its classification as a sympathomimetic amine [13] . In regional anesthesia using infiltration, it is preferable to use combinations including a vasoconstrictor because doing so reduces the risk of anesthetic toxicity at a systemic level, prolongs anesthesia, and reduces bleeding [14] . Several studies have examined the effect of epinephrine on postoperative bleeding complications, with conflicting results. A study on tumescent anesthesia in ambulatory phlebectomy by Keel and Goldman [10] demonstrated a reduced rate of hematoma formation with the use of epinephrine, as did the study on epinephrine spraying in thyroidectomy conducted by Ersoy et al. [15] . However, studies on epinephrine infiltration in cervicofacial rhytidectomy and cardiac electrophysiological device implantation stated significantly higher postoperative hematoma rates with the use of epinephrine [9, 16] . Jones and Grover [9] proposed that while the vasoconstrictive effects of epinephrine enhance intraoperative hemostasis, they may mask bleeding from smaller vessels which can contribute to postoperative bleeding complications after these effects wear off.
Group 3, which received infiltration of lidocaine mixed with epinephrine, had a 31.9% higher rate of postoperative bleeding complications compared to other groups, though with a lack of statistical significance (P=0.57). Although meticulous intraoperative hemostasis was achieved in the patients included in our study, the effects of epinephrine last for 4-10 hours, and surgical debridement of pressure ulcers rarely takes longer than 2 hours. Vessels with a tendency for bleeding could have been masked by epinephrine, only to hemorrhage profusely with the application of negative pressure and cessation of the epinephrine's vasoconstrictive effect.
There are several limitations to this study. In addition to being a retrospective review, the study had a limited sample size. Also, even though the most critical risk factor that causes postoperative bleeding is elevated systolic blood pressure, the effect of systolic blood pressure differences on bleeding complications was not considered. In general, a systolic blood pressure of <150 mmHg is recommended [17] . Intra-and postoperative blood pressure patterns also vary depending on the method of anesthesia (local or general). While local anesthetics do not directly affect arterial blood pressure, the medications used in general anesthesia can induce a systemic reduction in arterial blood pressure to approximately 90 mmHg. Therefore, rebound hypertension is a concern after general anesthesia, but not after local anesthesia [18] . Debridement aggressiveness was another potential confounding factor not accounted for; even with the same primary endpoint (sharp surgical debridement of all visible necrotic tissues), radical debridement is more likely to cause serious bleeding complications than cautious conservative debridement. Unfortunately, the total number of bleeding complications experienced in this study was not large enough to enable a valid statistical analysis of subgroups based on these parameters. Future studies including more cases could provide more insights on the statistical significance of various factors.
Bleeding complications during NPWT, even when not hemodynamically unstabilizing, hinder the drainage function by either blockage or leakage. Wounds with undrained hematomas or unsealed leaky dressings are more exposed to contamination and infection, especially when located in contamination-prone areas such as the sacral and coccygeal regions. Furthermore, in bedridden patients with pressure ulcers, identification of the problem can be delayed because the wound is located in areas not readily visible, making it especially important to prevent postoperative bleeding. Therefore, although the results of this study were statistically inconclusive, the authors suggest refraining from using epinephrine infiltration for pressure ulcer debridement when immediate postoperative NPWT is planned. In cases where epinephrine has been used, meticulous bleeding control must be performed with the utmost care, and NPWT should be applied only after a thorough inspection of the wound bed has confirmed the absence of hemorrhage at least 10 hours after surgery in order to avoid masking of bleeding tendencies by the drug's vasoconstrictive effects.
In conclusion, in patients who received NPWT after sore debridement, the use of epinephrine for infiltration leads to a 31.9% higher risk of bleeding, but this trend did not reach statistical significance. A more in-depth and extensive future study could further complement the present report.
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